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herein do not necessarvly reflect the position or policy oXthe Department of 
Education, and no official endorsement by the Department of Education should 
be inferred. 

This wo/k was developed under contract number '300790709 for jhe U. S. Depan,- 
rrifent of Education, Office of 'Vocational and Adult Education. 
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{_ . . INTRODUCTION 

Excavating, or digging into the earth, is one of the most common indus-* 

trial and construction* processes, but this apparently simple tasS «an be 

deadly if proper safety precautions are'not taken, Two main hazards- are as 

sociated with excavation: unguarded contact with utility lines and caye- 

jns, jor earth slides, in which workers can be pinned or smothered. Both 

kinds of hazards* can be safeguarded ^through adequate pre-excavation study 

and careful trenching and shoring procedures. Trenching andshdring regulj 

t ions ^developed by the Occupational Safety and Health ^Administration are de 

signejl to guide in the planning of these operations. Where the regulations 

are routinely enforced, relatively few accidents need ever occur. 

r J 
This module outlines .the hazards*" of trenching and shoring and the proce 

dures and' equipment that should be employed-to prevent caverns and other 

trenching and shoring -accidents. 

. • V. * 

. ^ OBJECTIVES 



^JJpon completion of this module/ the student ^should be able to: 
1. Define r the »terms excavation, trenching, arvd .shoring. ^ (Page 3) \ t 

* 2. Discuss^the use of mechanical p owe r% equipment in trenching and shoring. 

(Page 4) > 
3. Name three types of atmospherif examination that may be present" in 

trenches;* (Page 0) / 
-4. List five concfitibns that could lead tc/ hazards* in. excavation and 
p' • trenching. (Page 8.) / v ( * • ; K 

4 5. Explain the need for pre-excavation study t . (Page'10)* 

* +° 

• 6. Discuss the "angle of repose." (P^ge 11) 

7. t Describe methods and' materials used In shoring. - (Page \3) 1 . 

8. Describe the procedures for, installing and removing shorinq. (P?ge 16) 
9.. -Discuss inspections of shoring. (Page l8) * » * ^ 

10./ Discus^ the need for quick exits. (Page 19 s ) 
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( SUBJECT MATTER 
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OBJECTIVE 1: Define tbe terms excavations trenching, 
• and shoring. . +r ^ , 




Figure .1. Workers 1n a trench. 



An excavation i-s* any man-made 
hole created by the digging up and 
removal 'of soil. The work may be 
"done by power equipment or, at cer- 
tain stages, wjth.hand tools. 

A trench is a "narrow excava- 
tion that is deeper than, it is 
wide, but never wider than. 15 
feet. (See Figure 1.) 

* Shoring is the primary method 
of stabilizing earth walls that 
have become loosened by excava- , 
tion. Shoring i£ a framework of . 
wood," metal, or both, erected to 
protect against cave-ins- during the 
'•progress of the -digging. . 

Excavations are prerequisites 
for many types of construction: 
the foundations and underpinnings 
of buildings, underground sewage 
and gas lines, or footings for any 
structure requiring massive sup- 
port. , 
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~ ■■hh^mi ACTIVITY 1: — — 

1. Fill 1n the blanks:*, 

a. *A trench is no wider than, _> 
A. Shoring may be constructed of~ 

• * » , or 



z\ An _ i is created by the digging 

'up and removal of soil, 

d. Shoring protects agafnst ^ \ _. 

2. Nanre^fcbree types' of construction . for which 
; ' excavation .is necessary, 

a. » . 

b. . . 

. m 1 

C. 



OBJECTIVE 2: Discuss the use "of mechanical power' 
equipment intrenching and* shoring. 



A large-scale excfcvatioji retires heavy equipment such as power 
shovels, draglines, caterpillars, derricks, cranes, backhoes hoists, or 
drilling rig?. The operating area of such .machines must be cleared of 
'employes who*rafght sustain injury from contact with the machinery itself or 
from spillage of e$rth set, in motion by the machinery. ♦ 
Vibration fl from heavy equipment ^operation, •especia.l ly when .equipment is 
operated close to the edge ef an excavafion, can make relatively stable „ 
earth become Joose, to the point of s cave-in. The weight of this equipment, 
when it is stored too Close tb^ the edgeof a trench, can impose stress on 
trencn walls even 1f machinery is in operation. 

Every piecfe of tjeavy equipment used 1 in. trenching- and shorina should be 



equipped with the baiic safety and operating equipment required by DSHA 



♦Answers to Activities begin Of^page ?D.' 
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.standards as set forth in Part 1926. Adequate bracing systems, licjhting^ 
audible warning - devices (such as a horn), windshield wipers, rollover pro- 
tective structures (ROPS)'for operator • protection,- seaty belts, and safety' 
latches or locks for dumping mechanisms are some of the safety features that 
regulations require. Heavy equipment operators should be well trained and 
meet requirements of the state licensing agency (if there is one) or company 
or union certification programs. l , 

Operators should make sure that heavy equiment is ful ly .lowered or 
blocked whe.n not frwise, With controls in neutral -position, motow stopped, 
and brakes set. * ~ [ 

f All machines use^ in excavating roust be we 1.1. maintai ned and kept in 

safe repair for use when needed. Cranes and derricks are required to be in- 

* * ' * ** 

spected constantly, before and, during ^use, by a^competent person appointed 

by the employer. A thorough annual inspection of the hoisting>nachi nfery 

must be made by a competent person, or by a government or private agency 

recognized by the U.S. Department of Labor; 

Hand-held power tools must be equipped with. an > instant on-off control 
and may have a lock "on" control if machine can be Aur/ied "off 11 by a single 
motion of the sam£ fingers used for turning it on.^- 

Wh$n excavation is being conducted by hand pow§r tools; workers sjrould* 
beware of hitting underground utilities, such as gas, srewer, telephone, wa- 
,ter, # or electric lines. 1 'The grounding of powered tools can protect /workers , 
from electric stock in the event of sudden contact with a buried power* line. 
In the caseyof r a pneumatic tool that fias a conducti ve'hos^, this can be 
accomplished by attaching the air hose to a driven ground. 



ACTIVITY 2: 



1. Explain* two ways that heavy machinery can contribute 
to cave-ins. 

a. ' s 

b. ■ ' ^ | 

2. Namersix safety features required on heavy equipment, 
a. ' 



b. 
c. 



—*- 

f 
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d. 
e, 
f. 



f 



^ v 



Name three types of atmospheric 
contamination that may be' present -in trenches* 



OBJECTIVE 3: 
§ 



In locations wh6re oxygen deficiency 0/ gaseous conditions are possi- 
ble, air in the excavation should be tested. At least three different ty^es 
of atmospheric hazards may be life threatening: oxygen deficiency, toxic • 
(poi sonous)^ gases , or flammable gases. . -s 

.When flammable gases are present K adequate ventilation must be provided 
*or sources of Ignition must be eliminated. Sources of ignition include open 
flames, electrical sparks, heated surfaces, or friction, to name a few. 
Smoking, should not be allowed in op near trenches that are known to be or 
suspected of being contaminated. No open-flame device such^as solder pot 
furnaces or welding equipment is permitted in or near tranches (or manholes 

, A 1 

or tunnels) when tests have Indicated the presence of flammable gases or 
liquids, ■ 

Joxic gases may necessitate the use of respirators that filter out tgx- 
ic fumes or gases (cartridge respirators) or ones that supply breathing 
air. Air-supplied respirator^ Jay^be necessary,* also, .where oxygen loa-ds 
aYe too leffc to sustain life. Sometimes the, problems of toxic fumes and oxy- 
Ijen deficiency may be solved through the Use of ventilation devices such as 
blowers or station fans. l 

Where adverse atmospheric conditions may exist or develop in an excava- 
tion,- emergency rescue equipment* should be present and attended by person- 
nel. Such equipment would Include breathing apparatus, a safety harness and 
"line, 3Tid a basket stretcher. • J 

Sometimes dust conditions, are a hazard ir^Penches. Dust conditions 
must be minimized through the use of water, saW, calcium chloride, oil, or 
.other means. 
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FIRE- Etf INGUISHERS * 

A portable fire exti ngui sher j rtted 2A, must be^provided. for each 3,000 
square feet of thV^rench work area. Travel, distance from ,any point of the 
protepted area to the nearest extirftjui sher cannot exceed 200. feet, A 1/2- 
inch diameter garden type hose, mounted on a rack or reel, can be substi- 
tuted for a 2A-rated fire extinguisher if it is capable of discharging five 
galloj^per minute with a minimum stream range of 30 feet horizontally. 

'ff^re extinguisher rated no less than 108 must fie provided within 50 j 
feet of wherever more ±hsn five gallons of flammable/combustible liquids, or 
five pounds of flammable* gas, are being used oq the job s.ite. 

Portable fire extinguishers must undergo periodic irfspection and main- 
tenance in accordance with Maintenance and Use of Portable Fire Extinguish- 
ers, -NFPA (National Fire Protection Association) Standard*No. 10A-1970. 



El 



ACTIVITY 3: 



1. Name three types of - hazardods atmospheres.' 

a - — • ^ 

b. 

cL • 

2. Name two means of controlling toxic^gases 
in trencjies. 

• a. 

b. ; ; ; 

3. In which of the following hazardous atmospheres 
Should removal of all ignition sources be an 
essential precafltion? 

a. Oxygen-def 1c1ent atmospheres. 

b. Flammable gas atmospheres.. 



\ 
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OBJECTIVE 4: L1 st five conditions that could lead to 
■ ' . ' * 

hazards in excavation and trenching. . , 



T 



hi 



X 



* . Among the many factors involved 'in planning a' safe, effective excava- 
t ion are: m f 

Soil structure, * . 

Weather conditions. , « 
Overhead" and underground utilities. 
\ • Superimposed loads. ' , 

J • Vibrations. - • - • N « 

N The soil structure o*ust be thoroughly analyzed. The more clay in the • 
soil,^the more it will tend to stick together;* trfus it is less likely to 
slide when excavated. 1 If soil is loose and sandy with ^areas* that have been 
backfilled, the excavation will be relatively ynstable and in need of strong 
support. The opposite extreme is bard rock, but even^-hard rock- may have 
faults or cracks that cnake it' unstable when cut. The ctonsi steney of even 
very cohesive soil can be changed by the number-one enemy of trenching oper- 
ations: water. Whethe/*' fr$m a surface supply, the water table, or moisture 
content in the ground, water c^n reduce the stability of the soil. 

Water - from the surface, water table, or moisture content in the 
ground - reduces or undermira the compactness of the* soil and the stability 
of the trench sides. Rain^r snow can also make the bar>ks of an excavation 
collapse, or fill a t.rehch with water. Dive^ion ditches or dikes can pre- 
vent water from entering "an excavation; a good drainage system, suih as a j 
pujnp, will keep rain or groundwater from collecting in the bottom of a 
trench. 

Temperature Changes may make soil unstable. Frozen soil is usually 
stable, but the 'consistency of the unfrozen soil below the frost line will 
be 1 ess r cohesive. Freezing can cause expansion of soil; in turn, that may 
Increase the pressure against the sides, of the ti%nch walls. Thawing can 
cause mud slides and cave-ins, result in heavy equipment slipping into 
the trench. Even dry soil can present problems since it tends to crack. 
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Overhead and underground utilities have' been-.ment ion ed in relation to 
power tools; all utilities represent potential excavating hazards. Before 
excavation begins, the contractor must find out from utility companies pre- 
cisely where such Tines are located, and make plans for avoiding them. 
Accidental contact with electric lines can cause burns or electrocution. 
When possible, overhead 'power lines should be turned off before w^rk be- 
gins. Equipment with booms mus.t maintain a 10-foot minimum clearance be- ' 
tween the boom and any overhead lines. 

Damaged gas ( or tewer lines may leak to)cic gases wh^re workers afe yr£&/ 
ent, thereby creating a need for respjratory protections ^Fi res and'fexplo- 
sions can result from leaking gas lines, also. Some utilities oa-n be shut 
off while work is in.prpgess;' otherwise, care-should be taken to work around 
.them. \\. , * , A 4 & . 

Wherever underground utility lines exist, one can assume that the . 
ground has been excavated previously, leaving the earth less stable tha^n if 
it had been undisturbed. ^ ' 

Superimposed loads (loads laid over the trenching site)*may include 
heavy items such* as pipes or timbers, which increase pressure on the Excava- 
tion walls. These loads should be kept, as far away from the edge of the ex- 
cavation as possible^ at least two feet. ^ 

Spoil (earth dug out of the excavation and pjaced on the surface) ca/ 
also put a strain on the system. OSHA requires that spoil be stored 
(banked) at least two feet from the edge of the excavation, where it should, 
be effectively barricaded or retained. 

Vibrations caused h/ vehicular traffic or by heavy machinery in opera- 
tion can be literally eartfj^naking. If workers must dig under such condi- 
tions, every possible measure should be taken to prevent a cave-in. 



ACTIVITY 4: 



1. List three weather conditions that can affect the 
' stability of a trench. 
~a. + 



-> 



b. 
c. 
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2. Name two sources of vibration on an excavation site. 

' a. , ; . — 

b. , , • * 



X > 
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OBJECTIVE 5: 

study. 



Explain the. ne&kfor a* prfc-excayati on 



Any professional contractor* will thoroughly Inspect a prospective exca- 
" vatioo site with a variety of considerations tn mind:, the* soft , utility 
lines, traffic conditions; the Weather, the water-table) and 'surrounding ex.- 
isting structures. . . 

Circumstances of the si't4fcxan be determfned by observation," test- bor- 
ings for'soil analysis, consultations with focal ' off idal s. .Utllitj^ \ 
companies will help locate sewer, water, fuel, and. electric ^ines so that* 
accidental damage can be avoided. Utility officials, should be informed of ♦ 
proposed work'24 hours before digging-begins. The contractor is responsible 
Tor covering over' any underground 'installations that- were exposed during ex- 
^cavation. . ' * ^ 

At the present time, there is no nationwide policy on the- Shutdown of 
{ power lines during trenching operations. % In some states, when 'an excavation 
is considered to be too clos£ to^a utility ^installation, the power conjpany 
will choose one af these two-options: cha>ge the contractor a fee for d1g- 
ging on^that; spot, or require that the contractor move to another location. 
Localities may have differing requirements, also. ? , ^ 

* After deciding upon a site, .the contract^ should figure Into tf\et)id 
the arftount, kinds, and .costs 'of safety equipment appropriate for that par- 
v 'ticular job. Excavation or trench cave-ins are responsible for a growing . 
, number of employee Injuries and fatalities/ The price of c$ve-1ns is too 
hi gh for any unnecessary risks to.be taken. , | 

No contractor can a ftprd , employee casualties, »the costs or property 
damage, or increased Insurance* and compensation payments. The vd$e 
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contractor will make job safety part of his bid - to protect efjployees, to 

***** i 
protect, the publ'ic, arnd to protect the investment. 
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ACTIVITY 6: 



.List f 4 ive factors that should, tje *ncluded-in the 



4 pce-excavation study; 

r. 



4. 



r 



5. ^ . \ 



OBJECTIVE 8/ : * Discuss the "angle of repope." 

■ i ■ i f ! 



An excellent way to protect workers in trenches or excavation§ is to 
ppe the sides* of the cut to^the proper angle Qjff repose - fc|ie angle at 
which* the itarth will lie still without moving. This an^le will vary frofo 
project to project according to the type of. soU involved, the .vibration 
from nearby equipment, the weight of structures in the vicinity, the pro- 
9 1 posed depth of the cut, and the potential weather conditions. 

% *fte most important; factor in 'determining a correct angle is the stabil- 
, ity of* the , soil • in terms of Composition and cohesion.. Looser, less cohesive 
<<f soils, for instance, require a flatter angle than solid rock or shale. For ' 

these solid materials, as well as for cementecN^nd and gravel, the angle of 
repose 1s straight up and down, or vertical 4 (90 degrees). m 

For compacted, angular gravels, the approximate angle should be one to, 
two. That is, for every two fdet jn height, the angle should ex^nd one 
.foot across. Expressed in degrees as angles are generally measured, this 
angle would be 63*26'. Recommended slope for av6rage soils 1s one to one 
(45°)* Compacted sharp sand, requires ?n angle of three to two *(38»°4r), 
wht-le well-rounded loo$e-sand must be flattened to two to one (26°34 ' ) . 
Figure 2 Illustrates what 1s meant «by angle of repose. / 
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NOTE: CtAYS. SILTS, LOAMS OR 
NON-HOMOGCNOUS SOILS REQUIRE 
SHORING AND BRACING. 

THE PRESENCE OF GROUND WATER 
REQUIRES SPECIAL TREATMENT. 



— UAfJJ 

/ 

ORIGINAL GROUND LINE 



t 




figure 2. Approximate angle of repose for sloping of 
side of excavations* 



\ 

Inclinometer 



Whatever the angle, 1t must be flattened 




Figure 3. Inclinometer 
at slope. 



f oi| ^an excavation containing ex</ess water, ' * 
siTty materials or loose boulders, and whenever 
erosion or deep frosts occur.. 

The antral ned eye can only estimate the 
measurement of a given angle. An Inclinometer 
should 'be used in deciding angle. This device 
measures the angle in degrees {see Figure 3). - 
IT there is doubt, It 1s be$t ta overcompen- 
sate and make the angle somewhat flatter than 
called for b^ the instrument?^ 



Define. "angle of repose-." 



ACTIVITY 6: 

/ 



/ 
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objective 7> Describe the materials and methods used 1n 
, shoring. . '[ 



The greatest danger associated with excavation 1s tfle possibility of 
cave-ins or earth slides. Either mishap can pin down and possibly Suffocate 
a worker. ' 



5 



To- prevent such' tragedies, OSftA requires thit all excavations over f1j 
feet deep be slop.ed, shored, sheeted, braced, or by any one or combination 
of these methods be supported. If the soil 1s unstable, excavations of less 
than five feet deep must al£o have'support. This ruling 1s for the protec- 
tion of*employees who may be endangered while they are actively engaged in 
shoring, as well as for those who are working in a trench for other reasons. 

Excavations are supported by me^ans of sloping -(pi 1 ing the spoils at a 
stable .angle), bracing (horizontal members bearing ^gainst upright*), sheet- 
ing (a so|1d barrier against the excavation's walls), shoring' (a framework 
of wood*, metal or Combination) , *and cribbing (a temporary means of support- 
ing trench walls with scrap lumber). These methods canj^e used in combina- 
tion - or in some cases, one method .will suffice - to support excavation 
sites and prevent cave-1ns. 

Materials used 1n the support of excavations (planks, laths; timbers, 
* ** 
various metals) must be of top quality and in serviceable condition. Sup- 
porting timbers must be of serviceable lumber', without large or loose knots, 
and cut to the proper/dimension*. w 

* Shoring materials consist of wood planks (for uprights and 1n some 
cases, brackets),, and of metal compwrfrvh (as 1n trench jacks). Stringers, 
also known as waters, are horizontal timbers which support the uprights 
(Figure 4). 

Sheeting is a solid barrier of timber, concrete, or sheet piles that ,1s 
erected against the walls of an excavation. Its purpose is to resist the 
lateral pressure of water and loose soil. Sheeting^ should extend above the 
el 



surface leyel to keep the spoil bank from sliding back into the excavation. 

At times the workers will have to cope with an^unstable excavation bot- 
tom: bejow th^ water line, for example* In this case, metal or concrete 



l 
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STRINGERS 



shewing must be driven below the 
„b<&tom of the excavation to augment 
^Instability of the soil, as shown 
In Figure 5. Timber shoring and 
/Sheeting does not usually remai/i in 
the excavation long enough to dete- 
riorate. / 
sh£etpilin<& . OSHA- requi res that diversion- 
- ' # dikes aad ditches be dug to prevent 

* * surface water from entering an exca- 

» 

■ vatiqn and to provide adequate 

• jtealnage of the area adjacent to the 
e ■ '* excavation. 

Water causes erosion- and soft- 
ening of the soil, and should never 
'•.hp allowed, to accumulate in an exca- 
vation % 

Weather carj play havoc with the 
►'best support systems. Large excava- 
tions are ^specially vulnerable to 
.changing* weather conditions because- 
th^y often remain open for long spahs. A heavy rajn will drastically f 
increase, pressure on shortng materiglsi which may then give way to 'cave- 

ins* When attempting to support such excava- 
*tjon$, it is wise to take a long-range view 
and provide for a variety of weather contin- 
gencies,. In extreme circumstances, cover the* 
exc&yation walls with plastic sheeting, or use 
a moljstufe-l imiting chemical spray on the 
spo1T-ban"k. If water collects in the bottom 

figure 5. ^heeting driven pf ^he excavation, the'angle of repose can be 
'elow bottom linf of . 

flattened. 

water line. - * V 




Figure 4 f Shoring components] 




SHEETING 



WATER LINE 
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After each major change in the weather th^t cou'ld jeopardize a shoring 

. i • 

System, the excavation must J>e irtspected for* damage. 

The entire shorfng system must be solid and resistant to rotttng. With 
any give or play, it tould weaken under pressure, , Therefore, shoring foate- 
rials must alwayS^be of dependable quality^* 

Reinforcement of shoring is required in special cases, such as wfth a 
superimposed load; If a heavy load must be adjacent to an 'excavation , the 
walls 'of the excavation tfill irteed additional support^ It may also be neces- 
sary to change ttoe<*pressure of a heavy load - pile drivers and cranes, for 
example, can be mounted/on fiooden .mats^or heavy planking /to distribute the 
weight over a greater area, * , N 

Constant Vibration (sudden shock from passing vehicles, railways, jack 
hammers) can contribute to cave-in by weakening "the soil. Even machines 
operated in nearby buildings can endanger the shoring system. In such 
cases^ltronger support may 1*e the only answer*. 

When it is necessary to sho're the sides of an excavation that is adja- 
cent *to-a previously backfil led- excavation., every care v should be taken to 
prevent the looSte ffll *from sliding. This is particularly important when 
the original fill level is less than the depth'of the excavation. 

~- Digging belcJW the level of the footing of a foundation or retaining 
wall is unsafe unless: ^ . 

* The 1 is well underpinned. , 

• The adjacent, walls are stable. 

CI ,* 

\ • The material being excavated is hard rock. 



ACTIVITY 7: 



K Name two conditions in whtcK OSHA requires that 

diversion dikes and ditches be dug: > 

a. ' ' > 

• : — 

b. ; • 9 

2. List two actions that may be 'taken* 1n extremely 
wet weather conditions. 

a. '_ \ ~ : 

b. : ' . 
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OBJECTIVE 8: 

and renjdving shoring. 



Describe the procedures for ins-talling 

1 





Ideally, ^shoring* shoul^ take place as soon as> 
possible «after the excavation is^dry. An unshored w 



. \ trend 
^Navjay, 



walls can slough 1 ^ 5 



Figure 6* pangerous 
overhahg. 



ench is risky because the eat 

leaving a dangerous overhang as shown in Fig- 

yre'6. 

# Shoring is always installed from the top down 
and removed\from the bottom up. During installa-* 
tion, great pains must be taken to place the 
trench jacks (or cross beams), in true horizontal 
positiofl between the uprights and to space them vertically at even intervals 
^s ✓shown in Figure 7. Once the system is^in place, there should be no space 

between shoring and walls. 
Soil leaks must be prompt- 
ly packed ^'th earth, for; 
if support is vulnerable 
at any point, the system 
Tnay gradually give way. 

When all construction 
materials required are 
properly fTlaced in the ex- 
cavation, backfi 1 ling and 
removal of trench supports 
should proceed simulta- 
neously - from the bottom 
up. Trench jacks and 
brakes must be released 
very slowly and cautious- 
ly, for the safety of both 
trench and workers. 
'If the soil is 




UPRIGHTS 



Figure 7. 'Trench^jacks in true 
horiontal position.^ 



6 
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unstable, trie jacks/braces are pulled out from abffve, with ropes, after the 
employees have left the trench. Only then should. the shoring be completely 
removed, preferably by equipment rather than by hand. 

The trench shield (or s>iding trench shield) 1s a variation o^n shoring 
techniques already described. It 1s cofrtposed of 'steel plates and bracing 
that are welded or bolted together and it can be moved along^s^dlgging 
progresses, carrying workers Inside, as shown. 1n Figure 8. * 

I r 




Figure 8. Trench shield. , 

The shield supports the trench waits" from the surface to the bottom,** , 
but usually does not*fit as snugly as sheeting or shoring ^ required to do. 
A trench shield 1s not intended to replace conventional shoring; it 1s pri- 
marily a'' device for addetf safety and convenience. Eu£n*if the walls col- 
lapse and' fall ajl around the shield, the- workers Inside it will be pro- 
tected. - • 

The sliding trench shield 1s also effective *1n situations where other , 
systems We not feasible or adequate. It mty be used Vi n extremely unstable 
ground^ for instance, or on jobs of very short duration. 



ACTIVITY 8: * 



1. \ Explain the correct methods of backfilling and 
- removal of trench supports— ^ 



ERLC 
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2, Mark the ^t^temeht "Tque or False, 

' a. A trench- shield is i ntende* to . replace 



x 



conventional shoring, 

if the walls 
ytorkfirs insic 
be protected. 



b. If the walls of a trench collapse, p . 
\ workers 1ns1de».fte trench shield will 



OBJECTIVE 9: Discuss inspectibns of shoring. 



All types of 'shoring, *<pl us the excavation* itself ; must -be inspected, 
daily. During the time span of the^work, several <onditions can occur that 
would endanger the support system: * ' g * 

• Timber or ground may dry, out and contract, th^npeby loosenini 
the shoring. 1 , f ' -\ 

• Tlte earth may absorb moisture and swell, thus displacing . the 
^horing. • 

• Some components of the system may b$ displaced or damaged by 
materials lowered into the trench. v / ( 

Shoring itself, or part of its support, may rat* ^ 

» 

Excavations must be inspected daily *by someon*' experienced in tecognii- 
ing trenching hazards. In addition, the inspector must, make a study immedi- 
ately following every rainstorm, or after a change jrn conditions that might' 
increase the possibility ofi di sasterS^y 

r If dangerous ground 

movement s* are detected 
, (see Figure 9} such as 
subsidence (when the 
earth of a wall gradu- 
ally "subsides"), or ; 
tension cracks (when 
t there f s too much $tress 
upon a waU ) , ALL 



r 



SUBSIDENCE 



BULGE' 




ROFILE OF EXCAVATION 
HOWING SUBSIDENCE 
AND BULGING 



Figure 9. Diagram of subsidence and 
tension- cracks. 
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WORK MUST BE STOPPED until the problem has been analyzed and corrected. ' 



ACTIVITY 9: 



Give three reasons f»r regular inspection of excavat-iohs. 

1. 

2. ; ; >t , - 

3. ' 



3 



objective to: Discuss the need for quick exits 
1 ■ . 



In case of emergency, workers must be abTe to get out of the trench as 
'quickly as possible. Therefore, OSHA requires that trenches of fourfeet' 
deep or more must be provided with a means of immediate exit. Ladders (or 

steps) are placed in every such excavation 
at intervals of 25 feet along the walls 
(see Figure 10). The side ra'ils of the 
ladders must extend at Jeast three feet 
above the landing surface to facilitate a 
speedy escape. Every ladder provided must 




\ 



:he 



Figure 10. Exit ladder. 



be functionally strong and secured 
top eft the -trench. # 
The design of ladders used in trench- 
ing and shoring must be In accordance with 
American NafTfnal Standards Institute • 
A14. 1-1968, Safety Code for Portable Woo'd 
Ladders. Portable metal ladders must be^ 
of equivalent ^strength to *wood and conform to American National Institute, 
A14. 2-1956, Safety Code for Portable Metal /Ladders. 

Ladders should be firmly .based on f level ground with the areas around 
top and bottom kept clear. The pitch nib^t be* such that the horizontal dis- 
tance from the top support to the^foot of the Madder Is >^bout 1/4 the work- 
ing length of the ladder - a comfortable angle. . 



21 
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"Job-made" ladders are constructed for their intended use, as in 
trenching. If they are to provide the only means of access or exist from a 
work area for 25 or more employees, or tn case of simultaneous two-way traf- 
fic, the ladders must be double-cleated for adiJitrortal protection of the 
workers. As a further safety' measure, the ladders are secured at the top of 
the trench by wires or ropes which are attached to % stakes, or to any appro-. 
pri<effce supportive objects protruding above the ground. 



ACTIVITY . 



Describe three safety requirements for ladders used- in 
tranches. 

1. - : __ 

2. \ ; , 

I '3. . « * 



' REFERENCES 



U.S. Department of^Labbr. Occupational Safety and Health Regulations for 

* Construction. 29 3CFR 1926, (1980). 
U.S. Department of. Labor. OSHA Pamphlet 2226.. 



\ ANSWERS TO ACTIVITIES 



ACTIVITY 1 * } 

i * % \ 

1. a. 15. feet. j> 

b. Wood, metal, or bafh. 

c. Excavation. P * 

• d* Cave-ins/ u / 

2. a. Foundations and underpinnings. - 

b. Underground sewage anjj gas lines. 

4 

c. Footings for structure. * 
Page 20/SH-38 22 
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ACTIVITY 2 

1. a.. Vibration. 
6. Weight, when^ stored too close to the edge o^ the trench. / 

(Any six.)* 

2. a. Adequate braking sysems. { 

b. Lighting. 

c. Audible warning devices. - 

d. Windshield wipers. 

e. Rollover protective structures. 

f. Seat belts. 
^ g. Safety latches^or lock v s for dumping mechanisms. 
W 

ACTIVITY 3 • 

1. a. Oxygen (deficiency. 
*b. Toxic gases.* 
c. Flammable gases* 

2. a. Ventilation. 
. b. ^Respiratory protect ive Equipment . 

3. b. w 

ACTIVITY 4 * 
(Any three. ) 

^ I f 

1. a. Rain. 9 

' b. Snow. 

c. Freezing. 



d. T-hawing. 

e. Extreme heat and dryness. 
2. a. Nearby tragic. 

b. Heavy equipment^ operation. 

ACTIVITY 5 * / 

(Any five..) 

1. Utilities location. 

2. Soil conditions. 

3. Traffic. 

4. Weather. 
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5. Water tab>e. * 

6. Surrounding structures. 

ACTIVITY 6 ' 1 

The angle at which the ear # th will lie still without moving. 

.ACTIVITY 7 - ■ % x 

1. a. To 'prevent surface water from entering an excavation. ^ 

b. To provide adequate drainage of the area adjacent to the 
excavation, , 

2. a. Cover excavation walls with plastic sheeting. ' 

* b. * Use a moisture-limiting chemical spray on the spoil bank. - 

ACTIVITY 8 ^ ' 

1. Backfilling, and removal of trench supports are N Jte^e from bottom up, 
simultaneously; release ja^ks and braces very slowly; if soil is* 
unstable, trench is cleared and bracing is pulled out' from above by 
ropes. * • 

ACTIVITY 9 

(Any three. ) . 

1. Timber or soil may dry out an*d contract. — 

2. 'Soil may absorb moisture and swell v 

3. * Shoring itself may rot* • 

4. Shoring components may be damaged by materials lowered into the trench. 

* ■ 

ACTIVITY 10 / 
(Any three. ) " ^ 

1. Must be based on Tevel ground. v 

2. Must be double-cleated when only means of exit for 25 or more workers. 

3. Must be secured at*top of trench. : 

4. Must be placed at .sloping rather than vertical angle. 
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